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FiGURE 4-68.—50-yr. 1-hr. rainfall for Virgin Islands (in.).
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FIGURE 4-72.—6-yr. 2-hr. rainfall for Virgin Islands (in.).
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F16URE 4-76.—100-yr. 2-hr. rainfall for Virgin Islands (in.).
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APPENDIX A

PROBABLE MAXIMUM PRECIPITATION FOR LOCAL CLOUDBURSTS

A.1 Introduction

A.1l.1 It was pointed out in chapter 3 that the
shorter-duration PMP for hurricanes could be ex-
ceeded by localized cloudbursts. Because of the very
small likelihood that a cloudburst of PMP magnitude
would occur on a particular small watershed, it was
stated that cloudburst PMP could ordinarily be dis-
regarded. It sometimes happens, however, that an
engineer wishes to design for the most critical rainfall
intensity regardless of the probability of its occur-
rence. For short durations and very small watersheds,
the most critical rainfall intensity would almost
always be associated with a local cloudburst. It is
for these reasons that estimates of the upper limits
of cloudburst rainfall are presented here.

A2 Cloudburst PMP

A.2.1 It is generally admitted that little can be
done to maximize cloudburst rainfall because of the
localized nature of the storm. The present meteoro-
logical network is much too sparse to permit reliable
evaluation of the temperature, humidity, and wind
conditions in such a storm. Hence, the limiting values
of such rainfall, or PMP, are assumed to be the
envelope of the highest intensities observed. This is
the basis of the PMP values computed by equation
1.1 and presented in table A-1. No relation between
the magnitude of cludburst rainfall and land eleva-
tion has ever been found, so the values of table A-1
may be considered to be applicable to any point in
the problem area without adjustment except for size
of area.

TABLE A-1 —Probable mazimum cloudburst rainfall

Duration (mm ) Amt (n.) Duration (hr ) Amt. (n)
46 i 153
64 2... - 21 4
78 3. 26 1
890 4._. 30.0
10 9 5... 335
13 3 6 - 366
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A.3 Depth-area relations

A.3.1 The highly concentrated rainfall in cloud-
bursts of outstanding magnitude results in a much
more rapid decrease of average depth with area than
is found in general type storms and hurricanes. A
survey of Storm Rainfall in the United States [22]
yielded depth-area data for 17 intense local cloud-
bursts. The average depths for areas up to 500 sq.
mi. for specific durations from 1 to 6 hr. were con-
verted into terms of percentage of the maximum
station, or point, precipitation. The percentages for
a specific duration were then plotted against size of
area. There was considerable scatter in these plots.
For example, the percentages for 1-hr. rainfall for
500 sq. mi. ranged from 23 to 67. The Thrall, Tex.,
storm of September 9-10, 1921, yielded the highest
percentages for all durations and for all sizes of area.
Its percentage values considerably exceeded the next
highest for the 1- to 3-hr. durations, suggesting that
its depth-area characteristics are not typical of the
local cloudburst. (This apparent departure from more
typical areal distribution could well be the result of
a8 too liberal isohyetal pattern). The Thrall, Tex.,
storm data was therefore eliminated in the depth-
area relations.

A.3.2 Inanattempt to develop cloudburst depth-
area relations most typical of the world’s record rain-
fall intensities, depth-area data for storms with
intensities at least half of those given in table A~1
were separately identified. This reduced the number
of basic storms (Thrall, Tex., storm excluded) from
16 to 9. The storms and their basic depth-area-
duration data are listed in table A-2. An envelope of
the highest percentage values of these data resulted
in the set of curves of figure A-1. The results would
have been just about the same if data for all 16 storms
had been used.

A.3.3 An interesting feature of the depth-area
curves of figure A-1 is that many of the controlling
percentage values were associated with the Ewan,
N.J., storm of September 1, 1940. That storm, while



Ts8LE A-2.—Slorm dala used to determine depth-area relations
for local cloudbursts (average depths in in.)

Duration (hr.)

Area (sq. mi.) 1 2

Cheyenne, Okla., storm of Apr. 3-4, 1934

Rodburn, Ky., storm of July 4, 1939

18.6 20.0
13.2 14.4
10.4 11.9
7.5 9.1

14.2 | 16.7 | 19.4§ 21.0
13.2 | 15.9 { 18.4 | 20.1
12311471168 18.8
11.3 ] 13.6 1 15.41 17.1

76/ 9.1}10.4] 11.3

1941

TaBLE A—2.—Continued.

Duration (hr.)

Area (sq. mi.) i 2 3 4 5 8

Smethport, Pa., storm of July 17-18, 1942

definitely a cloudburst, may not have been entirely
independent of the hurricane which moved north-
ward off the New Jersey coast on that date. The
hurricane center was all of 150 mi. from the coast,
and no rain was recorded in the coastal areas. There
was a general rain area inland, however, and rela-
tively heavy rainfalls were reported at various inland
stations. The rainfall reported at Ewan nevertheless
far surpassed the other amounts reported, indicating
that localized influences in the circulation pattern
must have been chiefly responsible for the unusual
magnitude of that storm.

A.4 Chronological distribution

A.4.1 No one has ever satisfactorily determined
a typical time distribution for cloudburst rainfall.
It appears that the chances of the heaviest intensities

91



100 I T

©

o
I
d

=
°
=
o
&
&
O
(5]
-
[- 9]
= .,
E 80
2
s ] —
e}
5
o 70
<
=
2] — —
=1
-]
=5
o0
O 60
-
-9
e |
b ~
=
4
# 50
E iy

L Qup _|

40 | I | l 1 l
(o] 100 200 300 400

AREA (SQUARE MILES)

F1Gure A-1.—Depth-area curves for cloudburst PMP for use with table A-1.

occurring at the beginning, middle, or end of the
storm are just about equal. It is suggested, therefore,
that the increments of cloudburst rainfall be ar-
ranged in the most critical manner for determining
the probable maximum flood.

A.5 Appraisal

A.5.1 The estimates of PMP from cloudbursts
must be considered to be somewhat less realistic than
those from hurricanes. First, there is some question

92

as to whether cloudbursts of world record magnitude
could occur in the problem area (pars. 1.3.4—1.3.5).
Second, the chance that a localized storm could ever
occur on a problem watershed is, practically speak-
ing, infinitesimal. These two reasons suggest that the
hurricane PMP values of figures 3-6 through 3-11,
together with the depth—duration relations of figure
3-12 and the depth-area relation of figure 3-13, may
yield more reasonable values of PMP regardless of
watershed size.
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APPENDIX B

GLOSSARY

adiabatic—Applies to changes of air temperature
resulting only from compression or expansion
accompanying an increase or decrease of atmos-
pheric pressure.
advection—The transport of an atmospheric prop-
erty solely by the motion of the atmosphere.
annual series—A series of data composed of the
annual maximum observations. For example,
the annual maximum daily rainfall is the largest
of the 365 observations of daily rainfall.
cloudburst—Any sudden heavy fall of rain, generally
of the shower type.
coefficient of variation—A relative measure of dis-
persion which is obtained by dividing the
standard deviation by the mean.
cold front—The leading edge of an advancing cold
air mass. 7
condensation—The physical process by which a
vapor becomes a liquid or solid.
convergence—A net horizontal inflow of air into a
given space. The resulting accumulation of
mass is limited by vertical motion. Hence, if
there is convergent flow at the ground, there
must be an upward vertical motion. If there is
horizontal convergence in any upper layer, there
must be upward and/or downward motion.
cyclone—A closed counterclockwise (in the Northern
Hemisphere) atmospheric circulation.
dewpoint—The temperature to which air must be
cooled at constant pressure and constant water-
vapor content in order for saturation to ocecur.
divergence—A net horizontal outflow of air from a
given space. The resulting deficit is compensated
by a downward movement of air from aloft when
the outflow is at the surface and by upward
and/or downward movement when the outflow
i at an upper level.
easterly wave—A: migratory wave-like disturbance,
or weak trough of low pressure, in the easterly
winds of the Tropics.
entrainment—The mixing of environmental air into
& pre-existing organized air current so that the
enviranmental air becomes part of the current.

extratropical cyclone, Low, or storm—A. low-pressure
area of the middle and higher latitudes.

eye—The roughly circular area of comparatively
light winds and fair weather found at the center
of a severe tropical cyclone.

Gumbel method—Method developed by E. J. Gum-
bel for fitting extreme-value data to the Fisher-
Tippett type I distribution. '

Gumbel paper—Special probability paper con-
structed for the analysis of extreme values. If
the data plot close to a straight line, the Gumbel
theoretical solution is considered applicable.

hurricane—A severe tropical cyclone with winds ex-
ceeding 72 m.p.h. in the North Atlantic Ocean,
Caribbean Sea, or Gulf of Mexico.

instability—A state in which the vertical distribution
of temperature is such that a particle of air, if
given either an upward or downward impulse,
will tend to move away with increasing speed
from its original level.

isopluvial—A line through points having the same
precipitation value for a particular return period.

isovel—A line in a given surface connecting points
with equal wind speed.

lapse rate—The rate of change of an atmospheric
variable with height, the variable being tempera-
ture unless otherwise specified.

millibar—A subunit of pressure equal to a force of
1,000 dynes/cm.%. The mean sea level pressure
for the standard atmosphere is 1013 mb.

mixing ratio—In a system of moist air, the ratio of
the mass of water vapor to the mass of dry air.

moisture charge (or moisture supply)—The water-
vapor content of & column or layer of air.

orographic precipitation—Precipitation resulting
when moist air is forced to rise by mountain
ranges or other elevated land formations lying
across the path of the wind.

partial-duration series—A series of data composed
of observations above an arbitrary threshold, .
e.g., all daily rainfall amounts above 2.0 in.
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probable maximum precipitation—The highest rain-
fall intensity meteorologically possible for a
given duration over a specific area.

peeudoadiabatic lapse rate—The rate at which satu-
rated air cools during adiabatic ascent if its
moisture is precipitated immediately upon con-
densation. '

reduced variate—A mathematical function of the
return period, corrected for length of record.

return period—The average number of years within
which the magnitude of a given event will be
equaled or exceeded.

specific humidity—In a system of moist air, the ratio
of the mass of water vapor to the total mass of
the system.

spill-over—Precipitation formed over the windward
side of a mountain range but falling to the
ground on the lee side.

standard deviation—A measure of dispersion of data
around their arithmetical mean. If the data
follow the normal distribution, approximately

two-thirds of the observations will be within
plus and minus one standard deviation of the
mean.

standard error—The standard deviation of the sam-
pling distribution of the statistic.

tornado—A violently rotating column of air with a
vortex, commonly several bhundred yards in
diameter, whirling usually counter-clockwise at
speeds estimated at 100 to over 300 m.p.h.

tropical cyclone—The general term for a cyclone
originating over the tropical oceans.

tropical storm—A ftropical cyclone with winds
stronger than 32 m.p.h. but less than 73 m.p.h.

Tropics—That portion of the earth’s surface lying

- between 23°27’ N. and 23°27’ 8.

trough—An elongated area of relatively low atmos-
pheric pressure.

typhoon—A hurricane in the western Pacific Ocean.

waterspout—A tornado or lesser whirlwind occurring
over water.
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